The results of complete repair of double-outlet right ventricle with pulmonic stenosis in 22 Mayo Clinic patients were analyzed. The overall mortality rate was 32%. Since 1960, the mortality rate has been reduced to 16%. Anomalies of the distribution of the right coronary artery, a second ventricular septal defect of the atrioventricular canal type, and significant residual pulmonic stenosis were associated with a higher mortality rate. The difficulties in the diagnosis of this uncommon condition are emphasized.
tricle without pulmonic stenosis has been recently reported. ' The presence of pulmonic stenosis makes a subgroup of double-outlet right ventricle with distinct clinical and hemodynamic characteristics. This study presents data on all patients with double-outlet right ventricle who were operated on at the Mayo Clinic in whom significant pulmonic stenosis was an associated finding. Ten patients were males and 12 were females; the median age at the time of operation was 10 years (range, 5 to 33 years).
All patients were cyanotic. The clinical histories and auscultatory findings were similar to those of patients with tetralogy of Fallot. The single second sound in many patients, however, was loudest along the upper left sternal border rather than along the lower left sternal border, as is usual in tetralogy of Fallot. The cardiothoracic (C/T) ratio on chest roentgenograms varied from 0.40 to 0.64, with a mean of 0.48. In most cases, pulmonary vasculature was decreased.
The electrocardiograms (ECG) of all but four patients showed a mean QRS axis directed inferiorly in the frontal plane, with a clockwise QRS loop. In the four exceptions, the loop was counterclockwise, with a mean axis directed superiorly. All ECGs showed evidence of right ventricular hypertrophy. Four ECGs showed evidence of left ventricular hypertrophy as well, but since only two patients had a small ventricular septal defect, the ECG was not helpful in differentiating double-outlet right ventricle with pulmonic stenosis from tetralogy of Fallot or in predicting whether the ventricular septal defect was small. Right atrial hypertrophy was common. In two patients, the QRS interval was greater than 0.10 second.
Seven patients had undergone previous palliative procedures: four had a Blalock-Taussig anastomosis, two had a Brock valvotomy, and one had both a Potts and a BlalockTaussig shunt. The pulmonic stenosis was valvular in four patients, infundibular in nine, and combined valvular and infundibular in nine.
Preoperative hemodynamic data were available for 16 patients. In 12, the pulmonary artery was entered, and the peak systolic It has not been our practice to obtain preoperative angiograms of all patients with tetralogy of Fallot; surgeons who follow this practice, however, must be able to recognize the intracardiac pathologic changes of doubleoutlet right ventricle with pulmonic stenosis in order to accomplish a successful repair when this lesion is encountered unexpectedly at operation.
The features that suggest the presence of double-outlet right ventricle at the time the heart is exposed at operation are (1) the sideby-side position of the aorta and pulmonary arteries in the same coronal plane, as the result of pronounced dextroposition of the aorta, and (2) the location of both semilunar valves in the same transverse plane. This appearance is far from diagnostic, however. In our experience, often we have been suspicious in cases of severe tetralogy of Fallot that we were dealing with a double-outlet right ventricle, only to find after ventriculotomy that there was continuity between the mitral and aortic valves. The same has been true (but less often) in ventricular septal defect without pulmonic stenosis.
In four patients in whom the ventricular septal defect was smaller than the aortic valve, the defect was enlarged; only one Circulation, Volume XLIII, June 1971 patient had a significant residual gradient across the conduit.
The presence of atrioventricular canal defect is not rare12 and is associated with a higher operative mortality rate and a higher incidence of complete heart block. A residual PRy/PLv more than 0.75 is also associated with significant operative mortality and indicates the need for enlargement of the outflow tract of the right ventricle with a pericardial patch. In most patients, this patch needs to be extended across the pulmonic valve. The frequent association of anomalous distribution of the right coronary artery to the left anterior descending coronary artery is often incompatible with good relief of the pulmonic stenosis; the use of an aortic homograft as in repair of truncus arteriosus'5 or in transposition of the great vessels (Rastelli's operation)'6 should then be considered.
In our practice, patients with double-outlet right ventricle and pulmonic stenosis who require surgical intervention before the age of 4 years receive a systemic-to-pulmonary arterial shunt, preferably a Blalock-Taussig anastomosis17 if they are older than 6 months, or a Waterston anastomosis'8 if they are younger than 6 months. Complete intracardiac repair is performed in older patients.
The results presented in this study represent the entire experience of this institution since the early days of open-heart surgery. A better understanding of the management of the pulmonic stenosis has improved the recent hospital survival significantly. Late results in patients having satisfactory relief of associated puhnonic stenosis have been gratifying.
